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RELATED APPLICATIONS 

This application claims the benefit of U.S. provisional patent application serial 
number 60/415,030 filed on October 1, 2002, assigned to Hitachi Electronic Devices 
(USA), Inc. (which is hereby incorporated by reference). This patent application is 
related to the U.S. patent application entitled Projection Coupler with Contrast Ribs, 
assigned to Hitachi Electronic Devices (USA), Inc., filed on September 5, 2003 and the 
U.S. patent application entitled Projection Coupler with Bubble Trap, assigned to Hitachi 
Electronic Devices (USA), Inc., filed on September 5, 2003. 

FIELD OF THE INVENTION 

This invention relates to projection televisions and displays and, in particular, to 
an improved coupler for use in optically coupling a projection lens system of such a 
television or display to a cathode ray tube ("CRT") or other projection image source. 

BACKGROUND OF THE INVENTION 

Projection systems are widely used today for home and business applications. 
One common example is the large screen projection television. Projection televisions 
allow for the viewing of an enlarged image by typically using one or more CRTs to 
produce red, green and blue color images that are transmitted through a projection lens 
system and superimposed on a viewing screen to display a full color picture. A typical 
projection lens system is located at the back of the television and projected on the back 
of the display screen, although there are also forward facing projection systems used for 
large screens. 

The projection lens system is coupled to the CRT by using a projection coupler. 
The coupler is typically filled with a liquid that enhances the contrast of the picture and 



2 



HEDUS 004 



performs an important cooling function to dissipate the heat generated by each of the 
CRTs. An example of the coupler liquid commonly used today is a mixture of ethylene 
glycol and glycerin. The coupler is necessary in projection systems to cool the CRT 
lens face. An overheated CRT lens can lead to component failure and causes reduced 
contrast by distortion of the picture signal in the elevated temperature condition. 

Past designs of couplers can cause a reduction of the contrast of the overall 
picture because of reflections of portions of the picture signals caused by the coupler 
inside walls. Projection couplers are typically made from a metallic substance and have 
smooth and shiny surfaces. Projection coupler manufacturers have attempted to 
address the lower contract caused by the reflections in the coupler by using different 
approaches. One such approach is coating the inner surface of the coupler contacting 
the fluid in the cooling chamber with a non-reflective substance. Conventional 
techniques include e-coat deposition that dips the coupler in a non-reflective substance. 
Another technique that is used is called anodizing. Anodizing dips the coupler in a 
chemical solution and applies electricity to the coupler that causes controlled corrosion 
that dulls the surface of the coupler. A third technique is stippling which causes small 
bumps to be created in the coupler wall. Stippling is caused by sand blasting the 
coupler or using particle bombardment. All these techniques cause increased 
manufacturing costs, and although they do help reduce the reflections of the picture 
signal caused by the coupler wall, they do not eliminate the problem. A cost effective 
additional technique is needed to reduce the extraneous projection optical signal 
reflections that reduce contrast. 

The existence of the cooling liquid in the coupler formed cooling chamber can 
cause major damage to the projection system if it leaks into the system or surrounding 
devices. The coupler must also be stationary after it has been attached to the CRT 
faceplate to ensure proper alignment of the projection system. The coupler is typically 
attached to the CRT faceplate by a simple O-ring placed in a groove in the components 
to ensure a proper seal between the components. The O-ring placement between the 
coupler and CRT faceplate in the assembly process is typically performed by human 
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workers. Sometimes the O-rings can turn slightly when being put in place thus creating 
a faulty seal that is difficult to detect. An improved seal design is needed in order to 
create a redundant seal so that if one of the seals is defective or is broken by sudden 
jarring, the second seal will remain in place. The improved seal design needs to be 
made with a minimum of manufacturing costs. 

Small bubbles in the coolant in the coupler liquid chamber can be created either 
at the time of manufacture when the coupler is filled with the coolant or during the life of 
the product. The coupler will typically have an expansion chamber located outside the 
cooling chamber that allows the liquid to expand into the expansion chamber as the 
temperature of the liquid rises due to the heating of the CRT. The fill hole used to fill 
the cooling chamber formed by the coupler frame can also be in the expansion 
chamber. The continuous filling and receding of the liquid in the expansion chamber 
can cause air bubbles to be created. The air bubbles can act as tiny reflecting mirrors 
that can cause stray light signals that travel through the hole into the expansion 
chamber to be transmitted back into the cooling chamber containing the picture signal 
thus reducing contrast. The problem of the presence of these reflecting bubbles has not 
been previously addressed in other known designs. An improved coupler design is 
needed that will not dramatically increase manufacturing costs to solve the problems 
discussed above. 
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SUMMARY OF THE INVENTION 



The present invention is directed to an improved sealing system for use in a 
projection system that redundantly seals in the liquid present in a coupler supporting a 
projection lens in alignment with a projection optical signal generation device (e.g., a 
Cathode Ray Tube). The coupler defines a cooling chamber between said projection 
lens and said projection signal generating device and is filled with liquid in order to 
transport the optical signal between the projection optical signal generation device and 
projection lens while minimizing contrast distortion. In order to prevent leaking from the 
cooling chamber between the coupler and projection signal generation device, the 
improved sealing system of the present invention provides two separate channels in the 
coupler and utilizes an integral single piece double gland, quad lobe gasket. Each 
channel will accept the two lobes in each gland. 

Each gland is placed in a corresponding groove in the coupler thus creating two 
separate lines of seal between the coupler and the projection optical signal generation 
device that keeps the liquid in the coupler from leaking out. The integral redundant dual 
gland system also prevents air from leaking into the sealed liquid chamber preventing 
contrast distortion. The integral double gland, single quad lobe gasket is preferably 
made of rubber. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, features and advantages of the present invention will become more 
apparent from the consideration of the following detailed description, taken in 
conjunction with the accompanying drawings, in which: 

Figure 1A shows an illustration of the projector system of the present invention 
including the projection coupler situated in between the projection lens and the 
projection optical signal generation device (e.g., CRT); 

Figure 1B shows an exploded view of the projector system of the present 
invention; 

Figure 2 shows an illustration of an optical projection system coupler without the 
contrast ribs; 

Figure 3 shows an illustration of an optical projection system coupler with the 
contrast ribs; 

Figure 4 shows an illustration of contrast rib examples that can be used on the 
coupler frame inner surface; 

Figure 5 shows a further three dimensional illustration examples of contrast rib 
that can be used on the coupler inner surface; 

Figure 6 shows illustrative examples of incident light from the projection optical 
signal generating device hitting a ribbed surface verses a flat surface of the prior art; 

Figure 7 shows an example of a prior art single gland gasket; 

Figure 8 shows as example of a cross-section of an integral redundant gasket; 

Figure 9 shows a cross section of the coupler with grooves for use with an 
integral redundant gland gasket; 

Figure 10 shows an additional view of the coupler with grooves for use with an 
integral redundant gland gasket; 

Figure 1 1 shows an example of the cross section of the integral redundant 
gasketing installed in the coupler system (not drawn to scale); 

Figure 12 shows examples of cross-sections of prior art gaskets and the integral 
redundant gaskets of the present invention for optical projection couplers; 
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Figure 13 shows an illustrative example of a cross-section of the structure and 
positioning of the bubble trap attached to coupler frame; 

Figure 14 shows an example of prior art expansion chambers that do not 
minimize skew light due to reflections from bubbles; 

Figure 1 5 shows a side view of the example of the bubble trap assembly; 

Figure 16 shows an example of the bubble trap assembly; 

Figure 17 shows an exploded view of the example of the bubble trap assembly; 

and 

Figure 18 shows an example of a projection television that contains the coupler 
of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed towards an improved coupler that is used to 
connect a projection lens to a projection optical signal-generating device (e.g., a 
cathode ray tube ("CRT")). The improved design allows for minimum manufacturing 
changes while addressing a number of problems in previous coupler designs. The 
improved coupler includes grooves formed in the inner wall of the coupler frames that 
form contrast ribs. The contrast ribs reduce stray light rays from the CRT that reflect off 
the coupler frame inner wall. The stray light rays reduce overall contrast of the picture 
that is projected onto the screen by the projection system. The improved system also 
includes two redundant sealing grooves in the coupler frame that receive an integral 
redundant gland gasket that protects the projection assembly against leaks of the fluid 
contained in the coupler. The presence of two glands forming two independent seals 
ensures that the liquid contained in the coupler after assembly will not leak out. Leaks 
of the liquid can cause picture distortion as well as harm to the components in the 
projection assembly. Finally, the improved coupler includes a bubble chamber that is 
designed to keep bubbles in the cooling liquid away from the inside cooling chamber 
where the picture signals are passed from the CRT to the first lens assembly. In the 
prior art couplers, stray light can pass through the hole to the bubble chamber and 
reflect back off the bubbles into the inside chamber thus reducing overall contrast of the 
picture signal. The bubble chamber can also serve as the place for filling the cooling 
chamber and allowing expansion of the liquid when it is heated. These improvements 
are further described below. 

Figure 1A shows an illustration of the optical projection system 100 including a 
coupler 101, a first lens assembly 103, a gasket 105 and a projection optical signal- 
generating device 107 (a CRT as shown). Additional lens assemblies can be added to 
the system as required. The coupler 101 is axially aligned between the CRT 107 and 
first lens assembly 103. The coupler 101 physically abuts the first lens assembly 103 
and CRT faceplate 109 to form a coolant chamber 1 1 1 that will be filled with coolant 
liquid during the assembly process. The coolant liquid will cool the components as their 
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temperature is elevated by the CRT 107 when operating. It additionally enhances the 
contrast of the picture due to refraction attributes of the chemical composition of the 
coolant liquid. Figure 1 A also shows the integral redundant gland gasket 105 that 
secures the coupler to the CRT faceplate 109. The contrast ribs on the inside surface 
of the coupler 101 and bubble trap are shown in more detail in other figures and 
described below. The three embodiments of the improved coupler are also described in 
more detail below. 

Figure 1B shows an additional exploded view 121 of the optical projection system 
of Figure 1A. The system includes the coupler 101, the first lens assembly 103, a 
gasket 105 and a projection optical signal-generating device 107. The screws for 
holding the system in place are also shown. 

I. Coupler Contrast Ribs 

Figure 2 is an illustration of an optical projection coupler without contrast ribs. 
The shown coupler 201 includes the coupler frame with inside smooth surfaces 203 that 
are used in prior art couplers. After the coupler frame side shown in Figure 2 is 
physically attached to the CRT and the opposite coupler side (not shown) is physically 
attached to lens assembly, the resultant chamber will then be filled with a coolant liquid. 
The optical signal from the CRT will pass through the liquid in the coupler coolant 
chamber and then into the first lens assembly. The inner surface 203 of the coupler 
frame shown is smooth resulting in stray light rays from the CRT reflecting off the frame 
surface and causing a reduction in contrast of the resultant picture. 

Figure 3 shows an example of an optical projection system coupler 301 including 
the contrast ribs 303 of the present invention. The contrast ribs 303 shown in Figure 3 
are created by forming grooves in the coupler frame's inner surface. The figure also 
shows an enlarged internal cross-section drawing 305 of the contrast ribs 303. The 
coupler 301 can be made from different materials. In the preferred embodiment, an 
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aluminum alloy is used as the coupler material. Aluminum alloys (e.g., industry known 
"360" alloy) are inexpensive, have favorable thermal characteristics and work well in the 
casting manufacturing process. The contrast ribs 303 are preferably made during the 
die cast operation when the coupler 301 is formed because grooves can be 
inexpensively added to the die cast molds. However, the grooves can also be added 
after the coupler 301 has been cast by a machining or etching process. 

The contrast ribs 303 reduce the internal reflections caused by the smooth and 
shiny surfaces of the coupler frame 101 when the optical light signal passes from the 
CRT 107 through the coupler coolant chamber and into the projection lens 103 . The 
internal reflections cause reduced contrast. The inclusion of coupler ribs 303 also 
provides greater contrast uniformity from coupler to coupler due to the coupler frame 
itself. 

The contrast ribs 303 can be formed by tooling or scribing various types of 
grooves on the inner surface of a projection TV coupler frame, optimized by shape, 
height, and width to minimize the reflections of skew rays into the projection lens. 
These ribs 303 can be coated or anodized for additional absorption of stray light. The 
contrast ribs 303 are preferably cut horizontally into the sides of the coupler's 301 
internal wall as shown in Figure 3 but could be configured in any direction found to 
improve the light reflections. In the preferred embodiment shown in Figure 3, the 
contrast ribs 303 are extended into a substantially parallel plane to the coupler's 
openings. 

Figure 3 shows illustrations of contrast ribs 303 that can be molded or machined 
into the inside surface of a coupler. The contrast ribs 303 are preferably 0.5 - 2 mm in 
height and or width. The preferred size for the best performance is 2 mm both in height 
and width so that any coating on the surface will not fill in between the formed ribs but a 
maximum number of skew rays will be reduced; however, the ribs can be different sizes. 
They can be rounded, triangular, or rectangular in shape but are preferably inserted 
extending substantially parallel to the plane of the coupler openings and parallel to the 
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mounting plane of the lens 103 and CRT faceplate 109. The ribs are preferably coated 
with a chemical composition that helps allow the ribs to absorb a portion of each ray 
incident on the rib. When stray light hits the sides of the coupler wall, the contrast ribs 
will absorb a portion of the stray light and then reflect the light to other internal contrast 
ribs to again be absorbed. The redirection of unwanted light and the continual 
absorption of the stray light reduces the amount of stray light passed through to the lens 
103 thus improving the overall low light contrast in the projected picture. The presence 
of the contrast ribs 303 also increases the repeatability of contrasts in the finished 
projection coupler 301 by decreasing the variations in the prior art couplers due to 
patches of reduced coating on the prior art smooth coupler frame or other differences in 
the reflection properties of areas of the inside walls of the prior art smooth coupler 
frame. The contrast ribs 303 preferably cover at least seventy-five (75%) percent of the 
surface area of the inside walls of the coupler. Some portion of the inner walls may not 
have contrast ribs due to manufacturing conditions such as the need to hold the coupler 
in place during the manufacturing operation. 

Figure 4 illustrates examples of the shape of contrast ribs 303 that can be formed 
in the coupler frame's inner surface. Rib Type 401 shows a circular configuration of an 
individual contrast ribs 303. Ribs 405 show a plurality of circular ribs formed together in 
the coupler's inner surface wall. Rib Type 407 shows a rectangular configuration of an 
individual contrast rib 303. Triangular shapes can also be used. These ribs will change 
the angle of reflection of stray light rays and direct a portion of those light rays to other 
contrast ribs. The preferred embodiment is the ribs with a circular shape 401 due to the 
ease of creating circular grooves. The ribs are preferably coated with a chemical 
composition that helps allow the ribs to absorb a portion of each ray incident on the rib. 
Thus each time the stray light ray strikes a rib, a portion of it is absorbed and not 
reflected back thus minimizing any reductions of the overall picture contrast due to stray 
light rays. 

Figure 5 is three-dimensional representation of the examples of contrast ribs 
shown in Figure 4. The ribs can be formed in the frame's inner surfaces by casting, 



11 



HEDUS 004 



machining or etching grooves in the surface during the manufacturing process. 
Examples include circular ribs 501 , 503 and 505. Also shown are square ribs 507. The 
resulting grooves in the preferred embodiment are in the shape 505 shown in figure 5. 

Figure 6 shows examples 601 and 603 of the effect of stray light rays contacting 
the ribbed surface of the present invention. Example 605 shows the prior art example 
of contacting a flat surface without ribs. In the flat surface 607, the incident light rays 
will reflect at an angle related to the angle of contact determined by the direction of the 
CRT optical projection signal. Thus the stray light will be transmitted forward into the 
projection lens assembly. In the ribbed surface 609 and 61 1 , the light rays will be 
reflected at an angle related to the particular portion of the rib it contacts. Thus the light 
will be dispersed and reflected back onto other rib surfaces. As a portion of the stray 
light is absorbed each time it hits a rib coated with a light absorbing substance, the 
amount of stray light is reduced and overall picture contrast is increased. 

The contrast ribs 303 can be used in any liquid coupling system designed for 
projection systems including, but not limited to, CRT projection systems, Liquid Crystal 
Displays ("LCD"), Digital Modular Devices ("DMD"), and other light valve coupler 
systems. It may also be used in air coupling systems where liquid is not used to fill the 
chamber. 

II. Coupler Redundant Sealing System 

The coupler redundant sealing system improves the seal integrity of a liquid 
coupled optical projection system 100 by creating redundancy into the seal and gasket 
1 05 groove design of the light box coupler 101 . This seal redundancy system is 
designed to work as a 'fail-safe" mechanism or backup in case of dynamic shock during 
handling or transportation or assembly defect. This system improves on prior art single 
or double lobe O-rings or gasket coupled systems by using a dual seal groove coupler 
and a unique one piece, double gland, quad lobe design gasket. 
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Previous prior art gaskets include a standard single gland groove cast or 
machined into the CRT side of the coupler. Due to coupler surface finishes, which are 
needed for contrast improvements for the projection system, a standard single gland 
groove coupler has no redundancy or backup in case of seal failure, other than the seal 
design itself. Surface finishes, such as e-coatings and textured paint, create 
unfavorable sealing conditions that can result in reduced seal life, premature wear, 
leakage, and/or seal failure. The integral redundant gasket system with a dual groove 
coupler design of the present invention will improve seal integrity by allowing the outer 
seal gland groove to function as a backup to the inner seal gland groove. 

Figure 7 shows an example of a prior art O-ring gasket 701 that has been used in 
projection systems to seal the coupler to the CRT. The O-ring is placed into a single 
gland groove 703 in the coupler frame in order to form a liquid seal between the 
components it is in contact with. This type of single seal can be broken for example by 
having structural defects, jarring of the projection product or assembly errors. 

Figure 8 shows a cross-section of a portion of the integral redundant dual gland 
gasket of the present invention. The gasket 801 includes a first gland 803 with lobe 805 
and lobe 807. The gasket 801 also includes a second gland 809 with lobe 81 1 and lobe 
813. Each gland with dual lobes is placed in a corresponding groove in the coupler thus 
creating two separate lines of seal that keeps the liquid in the coupler from leaking out. 
The integral redundant dual gland system also prevents air from leaking into the sealed 
liquid chamber that also prevents contrast distortion. 

The integral redundant gasket system of Figure 8 utilizes standard O-ring type 
lobes 815 and 817 on the CRT side of the gasket (although other designs can be used 
as the dual lobe design). For example, the integral redundant dual gland design could 
also be used for the seal between the coupler and CRT. 
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Figure 9 shows an illustration of a cross-section of the dual gland grooves 901 
that are formed in the coupler frame 903 in accordance with the present invention. One 
groove is formed inside the other so that each gland will be placed in one of the 
grooves. In the present invention, the grooves made in the coupler frame can 
accommodate the double lobe design. The grooves can be formed by casting, 
machining or etching the grooves in the surface of the frame walls during the 
manufacturing process. The preferred manner is to form the grooves in the die cast for 
the coupler that can be done inexpensively. Also shown in Figure 9 are the inner wall 
surfaces 905 of the coupler frame, which will form part of the coolant liquid chamber. 
Inner wall 905 may also contain contrast ribs (not shown). 

Figure 10 is a top view of the coupler frame 903 with dual gland grooves 901 
shown in Figure 9. The inner wall 905 of the coupler is also shown. 

The dual groove sealing system shown in Figures 9 and 10 are die-cast or 
machined into the mating-surface of the light box coupler. The grooves shown can be 
of any shape, width or depth to accommodate multiple lobe seals. The coupler seal 
groove walls 901 may be straight, chamfered or beveled to improved overall seal 
integrity. The grooves preferably run parallel with the inner edge of the coolant 
chamber walls. The one piece, double gland, quad lobe design gasket normally follows 
the same pattern and basic shape of the coupler grooves. Figure 1 1 illustrates how 
these parts, once mated as an assembly, would create the redundant gland gasket 
system for an optical projection device. Seal integrity plays an important roll in optical 
projection systems; thus, seal failure eventually results in a complete projection system 
breakdown. The light box liquid coolant in the optical projection system acts as a liquid 
optical coupler. This aids in coupling the light from the CRT face glass to the face of the 
"C-Element" or first projection lens. Using air instead of liquid would generally give too 
much refraction at the glass-air interfaces. The liquid also acts as a thermal transfer 
fluid to evenly distribute and conduct heat away from the CRT face to prevent 
premature weakening or cracking of the glass. Coolant leakage can also be caused by 
poor sealing surfaces such as textured coatings or paint used to seal the aluminum 
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coupler castings. The redundant gasket system improves seal integrity; thus, 
preventing coolant contamination by bacteria or foreign particles, aids in extending tube 
life, improves sealing conditions on textured or rough coupler surfaces, and helps 
prevents total system failure of optical projection device. 

Figure 1 1 shows an illustration (not to scale) of the integral redundant gland 
gasket 1101 placed between the coupler frame 1 103 and the CRT tube (or other light 
generating device 1 105). The redundant double glands 1 107 are placed in each of two 
dual gland grooves 1 109 formed in the coupler. The gasket side 1111 used for 
contacting with the CRT faceplate can be formed with a single O-ring type seal as 
shown in the Figure 11. Alternatively, a redundant gland and/or lobe system can also 
be used for the seal with CRT faceplate. However, it is more difficult to form additional 
gasket receiving grooves in the CRT faceplate than in the coupler frame. 

Figure 12 shows an illustration of cross-sections of a prior art single gasket that 
may be used with a coupler (besides an O-ring in Figure 7) and a cross-section of the 
integral redundant gasketing system of the present invention for optical projection 
couplers. Prior Art Type A 1201 shows a U-shaped single gland gasket. Prior Art Type 
B 1203 shows a circular type single gland gasket. Prior Art Type C 1205 shows an X- 
shaped double lobe single gland gasket. Prior Art Type D 1207 shows a H-shape type 
gasket. Also shown in Figure 12 are examples of the redundant integral gaskets used 
in the present invention. Each gland may contain alternative lobe designs as shown in 
the single gland prior art examples. The gasket type 1221 shows a redundant gland 
double lobe gasket. The two double lobes ensure that if one of the double lobes fails or 
leaks, the other double lobe will keep the seal between the coupler and the CRT in tact 
and contain the liquid in the coupler cooling chamber. The double lobe design of each 
gasket gland further increases the ability to keep at least one complete seal in tact in 
the projection system. Gasket 1221 and gasket 1223 shows a curvature over each of 
the double lobes in the gasket. The gasket 1223 is similar to gasket 1221 except the 
curved portion of the gasket over the lopes are formed as a single curve. The curves 
are used to make the seal with the CRT faceplate. The curve also allows for 
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strengthening of the gasket over the lobes that will be inserted into grooves formed in 
the coupler. The integral redundant double lobe gasket can be made from different 
materials. One preferred material is a silicon rubber such as "EPDN". 

This integral redundant double lobe gasket can be used in any liquid optical 
coupling apparatus for projection systems including, but not limited to, CRT projection 
systems, Crystal on Silicon ("LcoS"), LCD, DMD, and other light valve/light engine 
coupler systems. This embodiment of the invention could be used as a quality or 
performance-enhancing feature for rear or front projection television systems. 

III. Coupler Bubble Chamber 

One common problem in liquid optical coupler systems is that in normal 
operation and production the coupler systems tend to get air bubbles trapped at the top 
of the system. The bubbles rise to the highest point possible in the liquid. These 
bubbles act like tiny mirrors and reflect light rays hitting them. The light rays are 
reflected back into the optical system and can cause lower contrast and reflections in 
the projected picture (the amount of distortion will depend upon scene content). The 
bubble trap could be incorporated in any optical coupler assembly where an object is to 
prevent air bubbles from contacting stray light. 

Figure 13 shows an illustration of a cross-section bubble trap 1301 that is 
attached to the coupler frame 1303. The bubble trap is preferably positioned in the 
center of one of the coupler frame walls. A fill hole 1305 is made in the coupler frame 
wall so that the coolant chamber that is formed when the coupler system is assembled 
can be filled with the desired liquid. The connecting fill hole is 1305 made sufficiently 
small so that any stray light rays will not contact the bubbles 1307 that will collect on the 
elevated side of the bubble trap. A preferred size of the fill hole 1305 is Yi inch in 
diameter, which is smaller than the typical 1-inch diameter fill hole size for other prior art 
couplers. The outside dimensions of the bubble trap 1301 shown in the example is 
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preferable rectangular in shape for ease of attachment. The inside chamber 1309 of the 
bubble trap may be rectangular, circular or oval, as long as the elevated outside region 
is outside of the possible stray light paths through the fill hole. The inside chamber 
1 309 of the bubble trap includes a flat shelf area positioned parallel to the plane of the 
fill hole 1305 and on top of the coupler. An example of a bubble trap dimension is a 
bubble trap chamber in a circular shape that has a flat shelf 28mm wide that contains a 
fill hole that is 8.8mm in diameter. The bubble trap in this example is preferably 1 1mm 
deep. The ratio between the fill hole size and the bubble trap shelf dimension is key to 
making sure any bubbles are trapped outside the stray light rays' path. The preferred 
length ratio comparing the size of the chamber shelf diameter to the fill hole diameter 
1305 for a standard projection television configuration is at least 3 to 1 . However, a 
ratio of 2 to 1 will also assist in removing a portion of the bubbles from the stray light 
path. 

In a conventional projection television system, the coupler system including the 
CRT, coupler and first lens assembly are tilted inside the television so that the picture is 
projected on the screen at an angle. This allows the depth dimension of the projection 
television to be minimized. When the coupler system is placed in a television set or 
other projection system, the air bubbles migrate to the top of the coupler, through the fill 
hole and into a corner position of the bubble trap. The shelf of the bubble trap then 
shields and traps the bubbles and prevents the stray light from directly being reflected 
from the bubbles. The "Bubble Trap" is a system design that corrects for bubbles that 
occur either in production or in the life of the product. The bubble trap is an optical 
blocking system that is responsive to the angle of the coupler frame in the projection 
product and puts a barricade between the stray light and the bubbles' resting place. 
The bubbles are still present but when the frame and connected bubble trap are tilted, 
the bubbles float to a corner in the bubble trap away from the fill hole and away from the 
possible direction of the stray light rays that can enter from the fill hole between the 
coupler frame and the bubble chamber. This design improves the system contrast 
when bubbles are present by reducing or eliminating the reflections of the stray light 
rays. 
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Figure 14 shows an example of a prior art coupler that contains an expansion 
chamber that is not a bubble chamber due to the lack of a flat shelf area. In Figure 14, 
the expansion chamber 1401 allows bubbles to form at the top of chamber in contact 
with stray light rays when it is placed in the projection assembly. No flat shelf area 
exists to shield the bubbles from the stray light rays. 

Figure 15 shows an illustration of a side view of the bubble trap system of the 
present invention. In the figure, the bubble trap area 1501 is shown at one end of the 
coupler frame 1503. The bubble trap 1501 contains a flat shelf area surrounding the fill 
hole. The coupler frame will be typically tilted in the end product (e.g., projection 
television) where the trap and coupler frame will be tilted between 60 degrees and 85 
degrees relative to an upright 90-degree position with the bubble trap at the highest 
point. The preferred tilt range is between 70 to 80 degrees and will be selected based 
on the position of the other components on the projection assembly. The bubble trap 
can be tilted in either direction away from the 90-degree upright position. This will create 
an elevated area in the bubble trap where any air bubbles will collect. The inside 
chamber of the air bubble trap is preferably round for filling purposes but could be other 
shape configurations. 

Figure 16 shows another illustration of a coupler assembly with the bubble trap in 
accordance with the present invention. The bubble trap 1601 is shown as an integral 
part of coupler 1603. The inside chamber of the bubble trap contains the shelf area 
1605 that shields the bubbles from any stray light rays. 

Figure 17 shows an exploded view of the coupler with bubble trap. A rubber seal 
1 701 is placed over the bubble trap 1 703 after that cooling chamber is filled with liquid. 
The rubber seal allows space in the bubble chamber for bubbles to collect. The rubber 
seal is then secured by placing a cover 1705 over the rubber seal that is secured by 
screws 1707. The bubbles will collect in the area of the bubble trap that is most 
elevated in the projection system. 
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The bubble trap can be incorporated in any future coupler designs in projection 
systems to prevent the reflection of light from air bubbles. This design may also be 
incorporated in any future liquid coupled project system regardless of the projection 
media, including but not limited to LcoS, LCD, CRT and DMD systems. 

Figure 18 shows an example of a projection television in which the coupler of the 
present invention can be used. The projection television contains a screen onto which 
the optical signals are projected. 

While the present invention has been described with reference to the particular 
illustrative embodiments, it is not restricted to those embodiments. It is to be 
appreciated that those skilled in the art can change or modify the embodiments without 
departing from the scope and spirit of the invention. 
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